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The novel chemical structure of Porphyromonas (Bacferoides) gingivaiis train 381 lipid A was determined to be a glucosamine&(l-6) disaccharide 
I-monophosphate acylated by 3-hydroxy-15.methylhexadecanoic acid and J-hexadecanoyloxy-15-methylhexadecanoic acid at the 2- and 2’- 
positions, respectively. The absence of ester-linked phosphate at the 4’position and fatty acids at the 3- and 3’-positions, and the presence of fatty 
acids possessing 1617 carbon atoms are unique features, differentiating the lipid A from enterobacterial nd other lipid As. These structural features 
may be related to its low endotoxic activity. Furthermore, P gingivak lipid A as well as its LPS stimulated the splenoeytes from C3H/HeN and 
C3H/HeJ mice. 
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1. I~RODUC~ON 
Lipopolysaccharides (LPS) are characteristic ompo- 
nents found on the outer membrane of Gram-negative 
bacteria. They typically consist of the polysaccharide 
region covalently bound to the lipid region, termed lipid 
A. Although the lipid A being responsible for biological 
activity has been shown to have numerous beneficial 
biological properties, its properties have not been util- 
ized clinically because of its characteristic high toxicity. 
Many efforts have been made to obtain nontoxic lipid 
A retaining the beneficial activities from chemically syn- 
thesized derivatives and from natural sources fl]. 
structure of P. gingivalis lipid A has still not been deter- 
mined. In the present study, the novei chemical struc- 
ture of the lipid A found in the LPS of I! gingivalis will 
be shown as compared with the enterobacterial and B. 
fragilis lipid As. 
2. MATERIALS AND METHODS 
2.1. Bacteria and preparation of LPS 
Porphymnonas (Bacteroides) gingivalis which is a 
Gram-negative, black-pigmented anaerobic rod is sus- 
pected of being a major periodontopathic organism in 
chronic periodontal diseases [2]. P: gingivalis lipopoly- 
saccharides (LPS) has previously been studied immuno- 
biologically. It was shown that their low endotoxic 
properties are quite different from that of entero- 
bacterial LPS [3]. On the other hand, I? gihgivalis LPS 
[4] similar to ~~ter~i~es~agilis LPS [S] exhibit mito- 
genie effects on the splenocytes from C3H/HeJ as well 
as from C3HIHeN mice. It was also reported that the 
endotoxic potency of B. fragilis LPS was low compared 
with enterobacterial LPS, and that this low endotoxic 
activity may depend on the structure of its lipid A com- 
ponent defined chemically [6]. However, the chemical 
R gingzialis strain 381 was grown anaerobicaJly in GAM broth 
(Nissui, Tokyo, Japan) supplem~~ with hemin and menadione at 
37°C for 26 h. Bacterial cells were collected by ~nt~gation, washed 
three times with pyrogen-free water and lyophilked. LPS were ex- 
tracted from lyophilixed eelIs by the hot phenol/water method m, and 
the puritication of the crude extract was performed by repeated ui- 
tracentritugation (100,000 x g, 3 h) foliowed by treatment with nuck- 
ase Pl (Yamasa Shoyu Co., Choshi, Japan) and tinally lyophilixed. 
2.2. Preparation and puriJcation of lipid A 
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Abbreviations: AC, acetyl; COSY, correlation spectroscopy; FAB, fast 
atom bombardment; GLC; gas-liquid chromatography; HPLC, high 
performance liquid chromatography; LPS, lipopolysaccharides; MS, 
mass speztrometry; NMB, nuclear magnetic resonance spectroscopy; 
TLC, thin-layer c~o~to~phy. 
Purified LPS (100 mg) was hydrolyzed in 0.6% acetic acid at 105’C 
for 2.5 h, cooled and neutralized H,O was added to the hydrolysate 
to 100 ml, and added to 200 ml of CHCl,/MeOH/H,Okriethylamine 
(30:12:2:0.1). The lower phase was evaporated under reduced pres- 
sure. Subsequently, the lipid A fractions (30.5 mg) were separated by 
silica gel eohmm ~~omatog~phy (Silica Gel 60,23@-400 mesh: Naca- 
lai Tesque Inc., Kyoto, Japan) with ~~~~~~O/t~ethyl~e 
(30: 12: 1.5:O.l). The ehrants were monitor by thin-layer chromatog- 
raphy (TLC) on silica gel 60 plate. The plates were developed with 
CH~~~~~O/t~e~ylamine (30:12:2:0.1) and visuahi by sul- 
furic acid, Dittmer-Lester eagent [S] and triphenyltetranolium chlo- 
ride (TIC) reagent [9]. The fast moving compound (1, the 
dephosphorylated P. gingivaks Iipid A, R, = 0.7) that was purified by 
silica gel eolmnn chromatography again with CHClfleOH/H,O/Tri- 
ethylamine (30:12:0.5:0.1) and the slow moving compound (2, El 
gingivalis lipid A, R, = 0.3) were both observed as single spots as the 
major components, respectively. 
2.3. Analysis of component sugars and fatty aciak 
The dephosphorylated I! gingivoris lipid A (1) and I? gingivahk lipid 
A (2) were hydrolyxed with 6 N HCl at 105°C for 2.5 h. Sugars in the 
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Hz0 layer were analyzed by high-performance liquid chromatography 
(HPLC) with glucosamine as a standard. The dephosphorylated E
gingivulis lipid A (1) was peracetylated by acetic anhydride in pyridine 
at room temperature for 18 h. The peracetate (3) was purified by silica 
gel chromatography (CHCldethyl acetate, 2:l). Total fatty acids were 
analyzed by GLC as methyl esters. Fatty acids were extracted into 
ethyl acetate and methylated by 5% methanolic HCl at 105°C for 3 
h. The component of fatty acids were determined by GC-MS as methyl 
esters and MS-MS as free acids. Ester-linked fatty acids were analyzed 
by GLC as methyl esters after methanolysis with 1% methanolic KGH 
at room temperature for 45 min. 
2.4. Conditions for c~romutogrup~y 
GLC was performed on a Shimadzu GC-9A (Shiiadzu, Kyoto) 
instrument fitted with a glass column (3 mm x 2 m) packed with 5% 
Advance DS on 60/80 mesh Chromosorb W (Shimadxu). HPLC was 
carried out by a model 305 pump, a model 805 manomeric module, 
a model 231-401 intelligent auto-sample injector (MS Gilson, Osaka, 
Japan), and a SE-G1 RI detector (Shodex, Tokyo) on a guard column 
4 x 50 mm and a column 4 x 250 mm in size filled with Asahipak 
NHZP-50 (Asahi Chemical Ind. Co., Kanagawa, Japan) using a sol- 
vent of 70% acetonitrile. 
2.5. Instrumental methods 
‘H NMR spectra were recorded at 300 MHz on a GN-300 spectrom- 
eter (General Electronic Co., Fremont, CA, USA). The deph~pho~- 
lated P: gingivah lipid A (I) and ? g~givaI~ lipid A (2) were dissolved 
in CDCl~/meth~ol-~~~0 (30:12:1). Chemical shifts were referenced 
to CDCl, (S 7.26 ppm) or methanol-d4 (S 3.30 ppm). Two-dimensional 
correlation spectroscopy (COSY) was carried out at 300 MI-Ix on a GN- 
300 spectrometer. The peracetate of dephosphorylated I! gingivalis 
lipid A (3) was dissolved in CDCI,. Chemical shifts were referenced 
to CDCl, (S 7.26 ppm). FAB-MS and MS-MS analysis were carried 
out using a JMS-HXllO/llO (JEOL, Akishima, Japan) operating at 
an accelerating voltage of 10 kV and a mass resolution of 1500. 
m-Nitrobenzyl alcohol-glycerol was employed as the supporting ma- 
trix for negative ion FAB analysis. A Xe atom beam of 6 kV was 
operated. Gas-liquid chromatography-mass pectrometry (GLCMS) 
was done with a Hitachi M-80B spectrometer (Hitachi, Katsuta, 
Japan) fitted with a HP5710 gas c~omato~aph (Hewlett-Pikes, 
USA). 
2.6. Animals 
BALI&, C3H/HeN and C3H/HeJ mice (male, 8 weeks old) were 
obtained from Japan SLC (Hamamatsu, Japan). 
2.7. Mitogenic activity 
Splenocytes (5 x lo5 cells) of mice were cultured with various con- 
centrations of II gingivulis LPS and its lipid A, E&zerichia coli 055:BS 
LPS (List Biological Laboratories, Campbell, CA) and E. coii bis- 
phosphate type synthetic lipid A (compound 506; Daiichi Pure Chem- 
icals, Tokyo) in 0.2 ml of RPM11640 medium (Biken, Osaka, Japan) 
supplemented with 5% fetal bovine serum in a 96well 3at bottom 
Falcon 3040 microtiter plate for 48 h in 5% COz and 95% air. During 
the final 16 h of cultivation, the cultures were pulsed with 1.0 @i of 
[3H]th~i~me (74 GBqlmmol; Biomedicals, Inc., Costa Mesa, CA) 
per well and were harvested onto glass fiber gher strips. Thymidine 
uptake was measured in an LKB model 121.5 liquid scintillation 
counter (Turku, Finland). 
3. RESULTS 
The less polar compound (1, Rf = 0.7) which in- 
creased during weak acid hydrolysis for lipid A prepa- 
ration was visualized by ‘FTC reagent for the detection 
of reducing groups, but not by Dittmer-Lester reagent 
for the detection of phosphate sters on TLC plate. The 
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polar compound (2, & = 0.3) was visualized by 
Dittmer-Lester eagent, but not by TTC reagent. There- 
fore, compound 1 corresponded to the dephosphory- 
lated lipid A, and the phosphate esters in 1? gingivulis 
lipid A (2) linked to the reducing end of the dephos- 
phorylated E! gingivaiis lipid A (1). 
I? gingivalis lipid A (2) contained only glucosamine 
(1.91 PmoYmg) by HPLC analysis of the H,O layer of 
hydrolysate (6 N HCl, lOS”C, 2.5 h). The ‘H NMR 
spectrum of i9 g~~giva~~ lipid A (2) in CDCl~/methanol- 
d4QO (30: 12: 1) showed two anomeric protons (S 4.46 
ppm: Jr2 = 8.0 Hz, S 5.44 ppm: broad peak), i.e. I! 
gingivalis lipid A (2) contains two glucosamine, but 
because of the tendency to aggregate, it gave poorly 
resolved ‘H NMR spectra. As expected, the ‘H NMR 
spectrum of the dephosphorylated P: gingivalis lipid A 
(1) in CDCl,/methanol-d4/DZ0 (30:12:1) also gave two 
anomeric protons (S 4.30 ppm: J,,z = 7.8 Hz, 6 4.93 
ppm: J,,2 = 3.5 Hz). The peracetate (3) of the 
dephospho~lated R g~gjvuiis lipid A (1) in CDCl, 
gave an improved spectrum in which the presence of 
seven acetyl groups were demonstrated. In this spec- 
trum, the high-field anomeric proton (S 4.69 ppm: 
J = 8.4 Hz) was characteristic of a&linked glucosam- 
iki residue. The down-field shifted anomeric proton (6 
6.07 ppm: JI,z = 3.6 Hz) suggested an a-glucosamine. As 
shown in Fig. 1, assignment of the proton signals of 
glucosamine was performed by the two-dimensional 
COSY spectra of the peracetate (3). From chemical shift 
values and J values it can be concluded that the perace- 
tate (3) consisted of /3-( l--6)-linked diglucosamine disac- 
charide backbone and its hydroxyl groups at the I-, 3-, 
4-, 3’-, 4’- and 6’-positions were acylated, and two 
amino groups at the 2- and 2’-positions were also acyl- 
ated. Consequently, from the result of the TLC analysis 
given above, r! gingivaks lipid A (2) contains l- 
phosphorylated @-(l-6)-diglucosamine structure. 
Analysis of fatty acids by GLC and GLC-MS re- 
vealed that the major fatty acids of P: gingivalis lipid A 
(2) were hexadecanoic acid (0.91 ymollmg) and 
branched 3-hydroxyheptadecanoic acid (1.76 pmol/ 
mg). The dephosphorylated Z gingivalis lipid A (1) also 
gave two of the same fatty acids in the same ratio as 
lipid A (2). According to the mol ratio of fatty acids to 
glucosamine, lipid A (2) contained 1 mol of hexade- 
canoic acid and 2 mol of branched 3-hydroxyheptade- 
canoic acid. By analysis of free branched 3-hydroxyhep- 
tadecanoic acid on negative MS-MS spectrum, absence 
of the fragment ion peak at ml;: = 255 (M-2H- 
CH,CHJ corresponded to 3-hydroxy- 15-methylhexa- 
decanoic acid. The ‘H NMR spectrum of these three 
compounds showed fifteen methyl protons in which a 
triplet and a doublet could be observed, which further 
confirmed the fact that P: gingivdis lipid A (2) contains 
hexadecanoic acid (1 mol) and 3-hydroxy-15-meth- 
ylhexadecanoic acid (2 mol). In the alkaline methanoly- 
sate of P gi~giva~is l pid A (Z), only hexadecanoic acid 
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Fig. 1. Contour plot of the 2D COSY spectrum of the peracetate of dephospho~lat~ lipid A (3) from (300 MHz in CDCQ. 
was detected in the GLC. Under the condition of the 
methanolysis used here, ester-linked fatty acids were 
released, but amide-linked fatty acids still remained. 
Consequently, 2 mol of 3-hydroxy-15-methylhexade- 
canoic acid must be linked to each amino group of the 
two glucosamines. The two dimensional COSY spec- 
trum yielded more information on the substitution of 
the 3-hydroxy-15-methylhexadecanoic acid residues in 
the dephosphorylated E! gingivalis lipid A (1). An a- 
methylene signal located at S 2.13 ppm coupled with a 
proton at 6 3.75 ppm, due to a ~-methines of 3-hydroxy 
acid, while a signal at 6 2.30 ppm coupled with a /3- 
methines of 3-acyloxy acid at 6 5.00 ppm. Conse- 
quently, the lipid A component of EI gingivalis possesses 
1 -phosphorylated /3-( l-6)-diglucosamine structure, and 
both amino groups of disaccharide are acylated by 3- 
hydroxy- 15-methylhexadecanoic acid and 3-hexade- 
canoyloxy- 15methylhexadecanoic a id. The position of 
acyl residue was studied with F! gingivalis lipid A (2). 
The negative ion FAB-MAS on I! gingivalis lipid A (2) 
showed major molecular ions at m/z = 1193 (M-H)-. 
The presence of minor molecular ions which differed in 
14 mass units could be attributed to the presence of 
heterogeneity of length of fatty acids. The locations of 
fatty acids were deduced from the fragmentation ob- 
served in the negative FAB-MS-MS spectrum of I? 
gingivalis lipid A (2). Negative fragment ion peaks were 
observed at m/z = 554,508 and 406 (Fig. 2). From these 
values it could be concluded that one hexadecanoic acid 
acylates to the amine of the reducing ~ucosa~ne unit 
and one 3-hexad~anoyloxy- 15-methylhexad~anoic 
acid acylates to the amine of the nonreducing glucosam- 
ine unit. 
I? gingivalis lipid A (2) as well as LPS exhibited 
strong mitogenic activities on splenocytes from BALBI 
c, C3H/HeN and C3WHeJ mice (data not shown). E. 
coli 055:B5 LPS and synthetic lipid A compound 506 
were found to be clearly mitogenic on splenocytes from 
BALBlc and C3HIHeN mice, but had no effect on C3Hl 
HeJ mice. The mitogenicity of I? gingivalis lipid A (2) 
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Fig. 2. Negative ion FAB-MS-MS spectrum of R gi&va& lipid A (2). 
was comparable to that of compound 506 in the sple- 
nocytes of BALB/c and C3H/HeN mice. 
4. DISCUSSION 
The present study clearly indicates that the lipid A of 
I! g&g&u&r strain 38 1 has been validly chemically char- 
acterized. The backbone of E ~~giya~is lipid A (2) con- 
sists of a b-( l-6)-linked glucosamine disaccharide which 
is phosphorylated at the l-position of the reducing 
sugar, but this lipid A structure lacks an ester-linked 
phosphate group which is bound to the hydroxy group 
at the 4’-position of the nonreducing sugar. It was re- 
ported that there is no 4’-O-phosphoryl group in the 
lipid A backbone of B. fragilh [6] and Bacteroides inter- 
medius (Prevotella intermedia) [lo]. It was also found 
that hydroxyl groups at the 3-, 3’-, 4-, 4’- and 6’-posi- 
tions of I! gingivalk lipid A (2) are free (Fig. 3). It was 
previously described that hydroxyl groups in the 4 and 
fi’positions of E co&, Salmonella Minnesota- and Pseu- 
darno~ ae~gi~osa-ty~ lipid As [ 1,l I] and in position 
4,4’ and 6’ of B. fragih-type lipid A [6] are free, respec- 
tively. 
At the 2- and 2’-positions of the disaccharide back- 
bone, k! gingivalis lipid A (2) possesses two acyl groups. 
That is, 3-hydroxy- 15-methylhexadecanoic a id and 3- 
hexadecanoyloxy- 15-methylhexadecanoic acid are 
amide lied at the 2- and 2’-positions, respectively 
(Fig. 3). E. coli lipid A expresses endotoxic activities 
such as pyrogemcity, lethal toxicity, Shwartzman reac- 
tion, and Limuius test, namely, activation of clotting 
enzyme cascade of Tac~ypleus tride~tat~ [12]. The lipid 
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A of E. coli, S. minnesota nd 19 aeruginosu consist of 
a /I-(1-6)-linked glucosamine disaccharide 1,4’-bis- 
phosphate which is acylated at the 2-, 2’-, 3- and 3’- 
positions [l,ll]. On the other hand, B. fragdis LPS ex- 
hibits low endotoxic potency which is probably related 
to the chemical structure of the lipid A portion, namely, 
a different phospho~lation and acylation pattern as 
compared with the lipid As of Enterobacte~a~ae and 
Pseudomonas [6]. 
The lipid A (2) as well as LPS from I! gingivalis but 
not E. coli was mitogenic for splenocytes from en- 
dotoxin nonresponder C3wHeJ mice. It was shown 
that LPS from l? gingivalis and B. fragilis were also 





C17:o > C16zO Cl20 
Fig. 3. Proposed structure of the deph~ho~lat~ lipid A (I), the 
lipid A (2) and the peracetate of d~hospho~lat~ lipid A (3) from 
R gi~givu~~. 
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:[4,5], It, was suggested that the stimutatory effect on 
splenoeytes from C3H/HeJ mice is attributed to a 
unique structure of P. gingivalis lipid A (2). Further- 
more, the LPS from B. gingivalis (P. gingivalis) and B. 
fragilis exhibit low endotoxic potency [3,1334]. Once 
more, low endotoxic activities, such as pyrogenicity, 
Shwaxrzmaa reaction, lethal toxicity and Liraulua test of 
the lipid A (2) as well as the LPS from P. gingivitis as 
compared with tlmt of E. coli were seen (unpablisl~ed 
re,Mrs). The low toxic activity is probably at~ibulabte 
to ~he structural differences, i.e. the absence of a 4"-0- 
phosphoryl group, the presence of only two fatty acids 
and the considerable length of acyl ethains. 
Taken together, it has been clearly demonstrated here 
that P, gingivalis lipid A possesses a unique structure 
which differs from enterobaeterial nd B. fragilis lipid 
As. Further work is in progress to investigate the bio- 
logical and beneficial effects of P~ g'mgi~d/s lipid A. In 
addition, I am em-rentty attempting to symhesize l~d 
A, mimicking the native lipid A portion of LPS from P. 
gTn" g&d/s to ~mequivocany confirm its tow endotoxie 
poteney and immunobiotogieat ~-ityo 
[2] Siot~, J. mad Listgarten, M. A. (1988) L C~ii% Periodontal. I5, 
85-93, 
[3] N~ir, B0 C,, Mayberry, W. R., Dziak, R., Chen, P, B,, Levine, M, 
J. trod Hansmann, E. (1983) L Periodontal, Res, 18, 40-49. 
[4] Hamada, S., Takada, H., Ogawa, T,, Fujiwam, T. and Mihara~ 
J. (t990) Int. Rev. InmmnoL 6, 247-261, 
[5] $oiaer, K. A~, Keith, P. W., McAdam, W, L and Kast~r, D. L. 
(1~$2) Infect. Immatt. 36, 1139-1145. 
16] Wc/n~raub, A., ~hfinger, U., Wotlenweber, H:W., Seydel, O. 
attd Rits¢.l~l, E. Th. (I989) Ear. J. Bioehcm. t83, 425-43t. 
[7] ~ O. aad Jmm, K. (I965) Me~od~ Ca~.  Chem. 
5, 83-91. 
[8] Di~tmer, J. C~ and I.~ter, R. L~ (I964) L Lipid Res, $, 126-~27. 
[9] Fhehet, F. G. and Dfrfet, I-L (1954) Hoplx~. Smyler's Z. ph3~ioL 
C'~m. 9~, 164--178. 
[101 Job.he, B,, Olsen, I and Bryn, K. (!988) Oral Microbic|. ImmunoL 
3, 22-27. 
[11] Karunarame, D. N., Richards, L C, and Hancock, R. E. W. 
(1992) Arch, Bioch~rm Biophys. 299, 368-.376~ 
[12] KotaaL S., Takada, S., Tsujimoto, M., Ogawa, T., Takahashi, L 
I k~ T, Otsuka, K., Shimaueht, H., Kasai, N, M~shimo, &, 
NagaO, S., Tanaka, A., Tanaka, S., Harada, K,  Na~kL K,  
KiCamur~, H., Shiba, T., Kusumoto, S, Lmmo, M. znct 
Y~himm'a, H. (t985) Infect. T~amtm. 49, 225-237. 
[13i Ka~'~cr, D. L (I97~ J. Inf~L D~. tM, 59.4/5.. 
[14] SVeelL K. (t977) L Peri~ma~ Res. i2, 34g:3.~o 
REFERENCES 
[1] Takada, H. and S. Kotani, (1989) Crit. Rew Mier6bML ~6, 477- 
523, 
20! 
